Introduction
The recycling of continental crust into the mantle is a process that, until now, has been inferred only through indirect geophysical or geochemical considerations (e.g. Austrheim, 1991; LePichon et al., 1992; Carlson, 1995; Stern and Kilian, 1996; Jahn et al., 1999) . Mineralogical evidence of this phenomenon may be gathered from the Kytlym massif, a subduction-related ma®c-ultrama®c complex of the Urals Platinum-Bearing Belt (UPBB), whose dunites contain sparsely distributed zircons discovered during the course of diamond prospecting. Given that this mineral has never been found before in dunites, and that it has not been found in thin section, it was important to check using a contamination-free method whether its presence in Kytlym was real. In order to do this, about 1 kg of rock was processed, ®rst by breaking it with a hammer and then by submerging rock fragments, previously heated to $900°C, into deionized water. The disaggregated product was then attacked until dryness with HF, dissolving the precipitates in HCl and repeating the procedure several times so removing all major silicates. The last residuum was studied using scanning electron microscopy in order to identify zircons. Positive results were obtained in two independent trials carried out in Ekaterinburg and Granada.
Geological background
The Urals form a N±S-trending, upper Palaeozoic mobile belt that extends for more than 2500 km between the eastern European and the western Siberian±Kazakh cratons (Zonenshain et al., 1990; Matte, 1995) . The Uralian cycle began in the late Cambrian to early Ordovician with rifting and development of a passive margin on the eastern European Craton (EEC) (Puchkov, 1997) . Throughout the Palaeozoic, the Pre-Uralian ocean was host to arc and back-arc formation (Zonenshain et al., 1984) . The main collisional event in the Middle± Southern Urals orogeny ± during the Late Devonian to early Carboniferous ± occurred when EEC continental lithosphere was subducted beneath the Magnitogorsk (in the South) and Tagil (in the North) oceanic arcs, resulting in high-pressure metamorphism (Puchkov, 1997) . In the Late Carboniferous to Permian there was a ®nal collision between the East European Craton, outboard terranes, and the Siberian craton (Matte, 1995) . The UPBB (E®mov and E®mova, 1967; Fershtater et al., 1997 Fershtater et al., , 1999 ) is located in the northern half of the Urals, west of the Tagil arc. Its backbone is a lineament of supra-subduction concentrically zoned dunite±clinopyroxe-nite±gabbro massifs (Alaskan type) intruded in the Palaeozoic accreted oceanic terranes Ivanov et al., 1999) . The largest and most complex body of the UPPB is Kytlym (59°30¢N, 59°50¢E) (E®mov and E®mova, 1967) . It comprises dunites, composed of 96±98 wt% olivine (Fa 8±10 ) with minor diopside and chromite, clinopyroxenites and tilaite (low-Al, high-Ca melanocratic Crdiopside gabbro), which have marked subduction-related compositional characteristics: elevated 87 Sr/ 86 Sr (360 Myr) $0.7040, and e Nd (360 Myr) $4±5; marked chondrite-normalized LREE to HREE enrichment, La N / Yb N 6.5±7.6; and, relative to MORB, moderately elevated large ion lithophile elements with high Rb/K, positive anomalies of K, Pb and Sr, and depleted Ta, Nb and Ti (Fig. 1) . These features are consistent with a signi®-cant sediment±melt component input (cf. Plank and Langmuir, 1998) and make Kytlym different from other subduction-related ma®c rocks of the Urals, such as those of Verkhisetsk or
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Methods
Twenty zircon grains were separated from 150 kg of zircon-bearing dunite slabs crushed to a grain size of <0.25 mm, using a vibrating concentration table, then magnetic separators and ®nally heavy liquids. Carefully cleaned machinery never previously used for processing silicate rocks was utilized to avoid contamination with foreign zircons. Sixteen of the grains were euhedral or subhedral, colourless or yellowish, and four were rounded and purplish. Five grains of the ®rst population and two of the second were analysed by 207 Pb/ 206 Pb single-grain stepwise-evaporation analysis (Kober, 1986 (Kober, , 1987 at the University of Granada (Table 1) . Zircon grains were mounted on canoe-shaped Re evaporation ®laments and heated until the lead beam reached an intensity of $200±400
206 Pb ions per second. Lead was collected on the ionization ®l-ament for 20±30 min, and was afterwards analysed in ®ve blocks with seven scans per block. Once the analysis was ®nished, a new evaporation step was started by heating the zircon on the evaporation ®lament to a higher temperature than in the previous step (usually increasing the current by 50± 100 mA) and analysing on the ionization ®lament as before. The procedure was repeated until all the lead was exhausted from the zircon. The number of steps depended on the size and lead content of each zircon. Data acquisition was performed in dynamic mode (peak hopping), using a secondary electron multiplier (SEM) as detector with the 206±204±206±207±208 mass sequence. The mass-ratio 204/ 206 was monitored to detect and, if necessary, correct for common lead. Factors for common lead correction were calculated by iteration from the 204 Pb/ 206 Pb and 204 Pb/ 207 Pb ratios provided by the Stacey and Kramers (1975) model at the calculated age, until convergence to a constant value. Mass fractionation was corrected by multiplying by Ö (207/206) . Standard Errors for each step were calculated according to the formula: SE 2r/ Ön. However, the 2r con®dence interval for the ®nal age is given by the interval X t(0.025)r/Ön, where X and r are the average and the SD of measured steps, n is the number of steps, and t(0.025) is the upper (0.025) point of the t distribution for n±1 degrees of freedom (see Johnson and Bhattacharyya, 1984, p.296) .
The remaining 13 grains were studied by cathodoluminiscence imaging and analysed for U±Th±Pb using a Cameca IMS1270 ion microprobe at the Nordsim facility in Stockholm. Analytical methods broadly follow those described by Whitehouse et al. (1999 and references therein) . U/Pb and Th/Pb ratios were calibrated using as standard the CRPG 91500 reference zircon (1065 Myr age; Wiedenbeck et al., 1995) and includes a propagated error component from replicate analyses of the standard. Errors on 207 Pb/ 206 Pb ratios are either the observed analytical uncertainty or the counting statistics error, whichever is highest. Common Pb corrections assume that most contaminant Pb is present on the surface of the analysed grains, introduced from the sample preparation process (e.g. Zeck and , and has a composition that can be approximated using the Stacey and Kramers (1975) model for the present day. For grains with ages <500 Myr, Table 2 presents the`207-corrected' ages which are calculated by projecting the uncorrected analysis onto concordia from the assumed common 207 Pb/ 206 Pb composition. In most cases, however, the amount of common Pb, revealed by monitoring 204 Pb, is relatively small and has little in¯uence on the interpreted age. All ages are calculated using the decay constant recommendations of Steiger and JaÈ ger (1977) . 
Results
Both stepwise evaporation and ion microprobe methods produced the same age pattern (Fig. 2) , which, together with morphology and cathodoluminiscence images, seems to indicate the existence of four populations of probable crustal origin. The oldest population (I) comprises four rounded purplish grains showing no evidence of metamorphic recrystallization. They recorded ages from $1200 to $2841 10 Myr and are rich in Th and U (Table 2) with marked oscillatory zoning and eccentric external boundaries with respect to their internal morphology (Fig. 3A) . Population II consists of two grains, one rounded purplish (Fig. 3B ) and the other more angular, which under cathodoluminiscence show similar features to population I but have low Th and U, and yielded ages from 410 to 430 Myr. Population III comprises 9 grains with ages from 370 to 352 Myr, equivalent to the age range determined for Uralian high-pressure metamorphism (Glodny et al., 1999) . These grains are subhedral, with frequent corrosion structures and marked patchy zoning (Fig. 3C,D) . Population IV comprises ®ve grains that are mostly euhedral and oscillatory zoned (Fig. 3E) , with ages of 327±340 Myr, which is the age of associated tilaitic gabbros, dated by Rb±Sr at 337 22 Myr (2r, unpubl. data). One grain (Fig. 3F ) also shows younger U±rich zones that yielded a concordant U±Pb age of 317 13 Myr (1r).
Discussion
Given the refractory character of zircon, and as this mineral has never been found before in dunites, is it possible that its occurrence in Kytlym is due to the survival of recycled crustal material in the mantle. According to available geochemical and isotopic evidence, Kytlym is a subduction-related body generated in the mantle wedge by partial melting triggered by subducted sediment-derived silicic melts. Therefore, the zircons' history can be traced as follows. Silicic melts containing entrained restitic zircons were generated in the slab from subducted sediments and migrated upwards, triggering partial melting of mantle-wedge peridotites. These hybrid melts migrated by focused porous¯ow through dissolution channels, producing the replacive dunite of the core of the uprising body (Kelemen, 1990; Kelemen et al., 1995) . Because the solubility of zircon in melt increases with increasing temperature and decreasing silica content (Watson and Harrison, 1983) , the fate of zircons entrained in initial silicic melts is to be quickly and completely dissolved once such melts are released to the mantle wedge, unless kinetic effects delay the process. During focused porous¯ow, the main factor controlling zircon solution kinetics is the volume of melt of zircon-containing pores; when the pore volume is small, the increasing concentration of Zr in the melt would slow down the dissolution of zircon preventing further dissolution once saturation is reached.
An investigation into the solution kinetics of a zircon grain in small melt reservoirs was carried out using the 3D dissolution equation for spherical zircon crystals of Watson (1996) and the Watson and Harrison (1983) solubility model of zircon, according to which it depends only on the SiO 2 contents and the temperature of the melt. The present authors' calculations (Fig. 4) reveal that in basaltic melts at hydrated-peridotite solidus temperature, zircon spheres with a radius of 150 lm would dissolve completely in <10 6 yr if the melt reservoir diameter is >2 mm; however, in reservoirs with a diameter of <1 mm, zircon dissolution is slowed down as the Zr concentration approaches saturation and completely arrested before total dissolution. The limiting case would be when the melt volume is zero, i.e. when the zircon grain is directly included in a crystallizing mineral. It also follows that in those pores containing undissolved zircons and Zr-saturated melt, small¯uctua-tions of temperature, volume, melt bulk composition, etc. can produce a complex sequence of zircon dissolution and recrystallization, with the subsequent resetting of the U±Pb isotopic system. Certainly, these calculations are a rough estimate because (i) the solubility model of Watson and Harrison (1983) was extrapolated to a melt composition and temperature for which it was not intended, and (ii) the geometry of zircon grains may not be spherical. The model, however, does not depart dramatically from the real situation, because the temperature used is only 30°C higher than Continental crust recycling, Urals · F. Bea et al. Terra Nova, Vol 13, No. 6, 407±412 . Watson and Harrison's (1983) experiments, and the morphology of the inherited detrital zircons tend to be spherical. Accordingly, the following origin is suggested for the Kytlym dunite zircons. Populations I and II may represent inherited zircons rapidly included in crystallizing olivine, thus having little or no opportunity to react with the melt. They therefore still preserve their original microtexture, composition and age. The dierence between the two populations suggests that they were derived from sediments with dierent source areas: the Palaeoproterozoic to Neoarchean materials of the Russian platform in the case of population I, and Silurian magmatic materials of the Tagil arc in the case of the population II. Population III is composed of zircons that have reacted with melt but were probably not completely dissolved because of the small volume of the pores that contained them. Their age would mark the moment at which they were included in a crystallizing phase ± so preventing further reaction with the melt ± and would probably indicate the beginning of partial melting in the mantle wedge. This idea ®nds additional support from the fact that both U±Pb and Pb±Pb age determinations cluster around 360 Myr, the age of the high-P metamorphism (Glodny et al., 1999) . Population IV is more dif®cult to interpret: its morphology and cathodoluminiscence features suggest that the grains crystallized fully from a melt. However, since their ages are close to the Rb±Sr age of the tilaites ($340 Myr), which represent the last and the most voluminous magmatic event in the buoyant Kytlym diapir (E®mov and E®mova, 1967) , it is suggested tentatively that they were formed by total dissolution of zircons of populations I to III into the last melt batches percolating the core of Kytlym diapir; if these batches are suf®ciently small they would have been saturated in Zr as the temperature decreased, so precipitating population IV crystals.
Conclusions
Inherited zircons have been found in a replacive dunite from the core of the concentrically zoned dunite±clinopy-roxenite±gabbro subduction-related Watson (1996) . Each curve indicates the ratio between the current and initial radius of the zircon grain as a function of time for a reservoir with a given size, the radius of which is expressed in lm. Curves become nearly horizontal when the concentration of Zr in the melt approaches saturation. Note how the zircon grain dissolves totally in less than 1 Myr when the radius of the melt reservoir is larger than 1500 lm (in®nite), but the dissolution is arrested after 0.1 Myr in reservoirs with a radius of 500 lm. in the presence of limited¯uid (corroded boundaries) resulting from retention in short-lived, small-volume melt reservoirs. So, recrystallization produced a uniform age that matches Uralian high-pressure metamorphism and re¯ects the initial stage of the diapir formation in the mantle wedge induced by slab-derived melts. Population IV grew in the presence of melt (oscillatory zoning), and its age most probably re¯ects crystallization of the last magma pulses that occurred during ®nal emplacement of the Kytlym diapir.
